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High resolution transmission electronic microscopy, nano-beam electronic diffraction, energy dis-
persive X-rays scanning spectroscopy, Vibrating Sample Magnetometry (VSM) and FerroMagnetic
Resonance (FMR) techniques are used in view of comparing (static and dynamic) magnetic and
structural properties of Co2MnGe (13 nm)/Al2O3 (3 nm)/Co (13 nm) tunnel magnetic junctions
(TMJ), deposited on various single crystalline substrates (a-plane sapphire, MgO(100) and Si(111)).
They allow for providing a correlation between these magnetic properties and the fine structure
investigated at atomic scale. The Al2O3 tunnel barrier is always amorphous and contains a large
concentration of Co atoms, which, however, is significantly reduced when using a sapphire substrate.
The Co layer is polycrystalline and shows larger grains for films grown on a sapphire substrate. The
VSM investigation reveals in-plane anisotropy only for samples grown on a sapphire substrate. The
FMR spectra of the TMJs are compared to the obtained ones with a single Co and Co2MnGe films
of identical thickness deposited on a sapphire substrate. As expected, two distinct modes are de-
tected in the TMJs while only one mode is observed in each single film. For the TMJ grown on
a sapphire substrate the FMR behavior does not significantly differ from the superposition of the
individual spectra of the single films, allowing for concluding that the exchange coupling between
the two magnetic layers is too small to give rise to observable shifts. For TMJs grown on a Si or on a
MgO substrate the resonance spectra reveal one mode which is nearly identical to the obtained one
in the single Co film, while the other observed resonance shows a considerably smaller intensity and
cannot be described using the magnetic parameters appropriate to the single Co2MnGe film. The
large Co concentration in the Al2O3 interlayer prevents for a simple interpretation of the observed
spectra when using Si or MgO substrates.
I. INTRODUCTION
Spin electronics is an emerging technology exploiting
the spin of electron as an information carrier. Tunnel
magnetic junctions (TMJ), consisting of a tunnelling bar-
rier sandwiched between two ferromagnetic electrodes,
belong to devices presenting a great interest due to their
use in magnetic memories [1], in low field magnetic sen-
sors [2] and in microwave components for spintronic ap-
plications [3] for which high tunnel magnetoresistance
ratios (TMR) are highly desirable. TMR is directly re-
lated to the spin polarization of ferromagnetic electrodes
[4]. Therefore, half metallic materials such as Heusler
alloys, such as NiMnSb, PtMnSb and Co-based Heusler
compounds like Co2MnSi and Co2MnGe, should be ideal
compounds as high spin polarized current sources allow-
ing for realizing large TMR values. The efficiency of a
TMJ, and therefore its TMR value, strongly depend on
interfacial roughness, on inter-diffusion and on oxygen
content, which in turn depend on the materials used in
the stack and on the conditions of deposition and of an-
nealing. Furthermore, the substrate material as well as
its orientation have an impact on the magnetic anisotropy
of the magnetic thin films, and thus on the TMR value,
because of the band hybridization and of the spin-orbit
interaction at the interface. Therefore, the control of
such parameters should allow for enhancing the half-
metallicity of the electrodes and thus for increasing the
TMR values. Co-based Heusler alloys [5, 6] are promis-
ing materials for spintronic applications, because a num-
ber of them possess a high Curie temperature [6] and,
therefore, may consist in alternative compounds to ob-
tain half metallicity even at room temperature. These
materials have been used as electrodes [7-10] in TMJs
where TMR up to 360% has been demonstrated at room
temperature [9, 10]. However, up to now, the demon-
strated TMR amplitudes using Heusler alloys as mag-
netic electrodes in TMJs remain lower than the extremely
large TMR at room temperature which has been pre-
dicted and demonstrated in TMJs using (001)-textured
MgO as a tunnel barrier and normal transition metals or
their alloys as electrodes [11, 12]. Apart from high TMR
values, it is also important to understand the magneti-
zation dynamics and the magnetic anisotropy of TMJs
in relation with the interfacial characteristics for realiz-
ing high speed spintronic devices. Therefore, ferromag-
netic resonance (FMR), vibrating sample magnetome-
ter (VSM), ultrahigh resolution and scanning transmis-
sion electronic microscopy (HRTEM and STEM), nano-
beam electronic diffraction and energy dispersive X-rays
scanning spectroscopy (STEM-EDX) have been used for
the investigation of static and dynamic magnetic prop-
erties in correlation with the atomic scale characteriza-
tion of interfaces involved in Co2MnGe (13 nm)/Al2O3
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2(3 nm)/Co (13 nm) TMJs deposited on a-plane sap-
phire, on MgO and on Si substrates. The properties
of a Co2MnGe/Al2O3/Co TMR device have been pre-
viously discussed by Verduijn et al. [13] and compared
to those of a Co2MnGe/Al2O3/Co TMR element pre-
pared using identical process parameters. They found
a 27% TMR value at 77 K for Co2MnGe/Al2O3/Co,
slightly larger than for a Co2MnGe/Al2O3/Co junc-
tion. However, at room temperature, the TMR value of
Co2MnGe/Al2O3/Co drastically decreases to 9%. There-
fore, in order to understand the reasons of this low TMR
value at room temperature, magnetic properties are stud-
ied in this paper in close relation with the microstructural
properties of Co2MnGe/Al2O3/Co TMJ.
II. SAMPLES PREPARATION AND
EXPERIMENTAL METHODS
The Co2MnGe(13nm)/Al2O3(3nm)/Co(13nm) TMJs
were prepared in-situ under ultrahigh vacuum (UHV)
conditions (base pressure 10−8 Pa) using a combina-
tion of ion beam sputter deposition (IBSD) and UHV-
magnetron sputtering on sapphire a-plane, Si(111) and
MgO(100) substrates. The Co2MnGe layer was grown
at a substrate temperature of 300°C on a 4 nm thick
Vanadium seed layer by UHV magnetron sputtering at a
rate of 0.015 nm/s. After the deposition of the Heusler
layer, the substrate was cooled down to room tempera-
ture, transferred to the IBSD chamber and then cleaned
by ion beam etching with a 150 eV Ar-ion beam to re-
move any surface layer, which might have been oxidized
during cooling down of the substrate. The Al2O3-layer is
created by depositing 1.5 nm Al at room temperature at a
sputtering rate of 0.08 nm/s and a subsequent RF plasma
oxidation process in a separate oxidation chamber. The
oxidation chamber was filled with pure oxygen gas at a
pressure of 6 kPa, and the Al-layer was oxidized due to
the applied RF-power of 5 W during 30 s. In a final step
the Co-layer was deposited by IBSD with the substrate
at room temperature at a sputtering rate of 0.03 nm/s
and capped by a 4 nm Au protective layer. More details
about the fabrication procedure can be found in [13].
The Co and Co2MnGe single layers, which serve as
reference samples below, were prepared using the same
procedures and keeping all parameters identical to those
used during the preparation of the TMJs.
The characterization of the microstructures and ele-
mental compositions of the TMJ grown on a-plane sap-
phire, MgO(100) and Si(111) substrates, were performed
using a transmission electron microscope. Three TEM
cross sections are prepared by in situ lift out using a
Zeiss scanning electron microscope equipped with a Fo-
cused Ion Beam. To avoid damage from the high-energy
ion beam during sample preparation, a platinum (Pt)
layer was deposited to protect the sample surface. High
resolution transmission electron microscopy and scanning
transmission electron microscopy observations were car-
ried out on a JEOL JEM ARM 200F (JEOL Ltd.) op-
erating at 200 kV. This microscope was equipped with a
field emission gun and an aberration (Cs) corrector on
the electron probe. High angle annular dark field STEM
(HAADF-STEM) images were acquired with a camera
length of 8 cm and a probe size of 0.1 nm. The contrast
of these micrographs is linked to the atomic number Z of
the phase and thus permits to obtain a chemical contrast.
Elemental compositions, with a precision of more or less
2 atom per cent (at.%), were performed by STEM-EDX
using a JEOL detector with a probe size of 0.4 nm.
Their magnetic dynamic properties have been stud-
ied by micro-strip ferromagnetic resonance (MS-FMR).
The MS-FMR characterization was done with the help
of a field modulated FMR setup using a vector network
analyser (VNA) operating in the 0.1-40 GHz frequency
range. The sample (with the film side in direct contact)
is mounted on a 0.5 mm micro-strip line connected to
the VNA and to a lock-in amplifier to derive the field-
modulated measurements via a Schottky detector. This
setup is piloted via a Labview program providing flexi-
bility of a real time control of the magnetic field sweep
direction, step and rate, real time data acquisition and
visualization. It allows both frequency and field-sweeps
measurements with magnetic fields up to 2 T applied
parallel or perpendicular to the sample plane. In-plane
angular dependence of resonance frequencies and fields
are used to measure anisotropies. The complete analy-
sis of in-plane and perpendicular field resonance spectra
exhibiting the excited modes leads to the determination
of most of the magnetic parameters: effective magnetiza-
tion, gyromagnetic factor, interlayer exchange coupling
and anisotropy terms.
III. HRTEM AND STEM CHARACTERIZATION
Figure1 shows the TMJ structure for the three sam-
ples. These structures consist in a stack of layers with
different elemental compositions. On the STEM-HAADF
micrograph, larger is the average atomic number of the
layer, brighter it appears. The three samples present
a similar structure with the succession of the following
layers: substrate/V/Co2MnGe/Al2O3/Co/Au. The in-
terfaces seem to be well defined and flat, except for the
Co/Au one, which is very rough and wavy. The Au layer
is not uniform and presents some holes. The average
thicknesses of the V, Al2O3 and Co layers do not depend
on the different substrates and are respectively: 4 nm,
3-4 nm and 8-11 nm. An example of thickness measure-
ment is presented on figure 1d. The variation of the Co
layer thickness reflects the roughness of its interface with
the gold layer. Concerning the thickness of the Co2MnGe
layer, it depends on the substrate: it is of about 13 nm for
the sapphire and Si substrates but of only 10 nm for the
MgO substrate. The thickness measurements have been
carried out on the STEM micrographs with a precision
of 1 nm.
3The dependence of the elemental composition versus
the coordinate normal to the sample was obtained for
the three TMJs using EDX line scans. The results are
shown on figure 2. In each layer, mainly due to inter-
diffusion, the elemental concentration differs from the
expected nominal one and is not uniform. The detailed
mapping of the elemental composition depends on the
substrate. Notice that the thin film of Al2O3 separating
the two magnetic layers contains a very high concentra-
tion of Co in the case of MgO or of Si substrates (aver-
age value overpassing 40 at.%) and a rather smaller one
(average value overpassing 20 at.%) for a sapphire sub-
strate. The effective structure is poorly approximated by
an abrupt Co2MnGe/Al2O3/Co trilayers arrangement,
except, maybe, in the case of a sapphire substrate. In
addition, with the MgO substrate, the Mn concentration
in the Heusler film lies well below the expected value (7
at.% instead of 25 at.%). More generally, accurate EDX
line scans (see Figures 3 and 4) show that around ev-
ery interface there is an important inter-diffusion of the
constitutive elements of adjacent layers: as a result the
elemental composition of each layer is strongly modified
near its interfaces on a distance of about 2 nm. Due to
the small thickness (3 nm) of the Al2O3 film some alter-
ation of the properties of the studied TMJs is expected.
HRTEM micrographs and nano-beam diffractions have
permitted to check the crystalline quality of the different
layers and the epitaxial relationships. The substrate and
the vanadium layer are monocrystalline and the vana-
dium layer shows a perfect epitaxy with the substrate.
This is illustrated, in the case of the MgO substrate, by a
micrograph in figure 5a and by two diffraction patterns in
Figures 6a and 6b related to MgO and to the vanadium
layer, respectively: the (110)V plane of the vanadium
layer coincides with the (100)MgO plane of the substrate,
as expected. The diffraction patterns shown in Figure 6c
and in Figure 6d concern the Co2MnGe layer, near of
the V/Co2MnGe interface and in the vicinity of its cen-
tre, respectively: the rather good epitaxy observed near
the interface does not persist in the central region which
shows a polycrystalline distribution, as attested by the
presence of different diffraction spots arising from many
different nano-grains. For the three studied TMJs, the
Al2O3 barrier is amorphous and the Co layer is found to
be polycrystalline, as resulting from multiple diffraction
spots arising from its central region (Figure 6e). How-
ever, for the TMJ grown on a sapphire substrate, the
mean size of the nano-grains is substantially increased,
allowing for observing nano-beams diffraction patterns
related to only one grain, as shown in Figure 6f.
In conclusion, the studied TMJs show an impor-
tant inter-diffusion between their constitutive layers, and
present polycrystalline magnetic films. However, the use
of a sapphire substrate seems to provide the best choice
in view of obtaining TMJs of good quality (smallest dif-
fusion and largest nano-grains).
IV. MAGNETIC PROPERTIES
The experimental magnetic dynamic data have been
analysed considering a magnetic energy density charac-
terized by Zeeman, demagnetizing and anisotropy con-
tributions given by equations (1) and (2) respectively for
Co2MnGe and Co respectively:
EA = −µ0MAH(sin θMA sin θH cos(ϕMA − ϕH) +
cos θMA cos θH) −
(
µ0
2 M
2
A −K⊥A
)
sin2 θMA − 12 (1 +
cos(2(ϕMA − ϕuA))KuA sin2 θMA − 18 (3 + cos 4(ϕMA −
ϕ4))K4 sin
4 θMA(1)
EB = −µ0MBH(sin θMB sin θH cos(ϕMB − ϕH) +
cos θMB cos θH) −
(
µ0
2 M
2
B −K⊥B
)
sin2 θMB − 12 (1 +
cos(2(ϕMB − ϕuB))KuB sin2 θMB (2)
In the above expressions, H is the applied magnetic
field; the other parameters stand for the saturation mag-
netization (M), for the perpendicular anisotropy contri-
bution (K⊥), for the two-fold (Ku, ϕu) and the four-
fold in-plane anisotropy contributions (K4ϕ4), using the
additional suffixes labeling the concerned layer (A for
Co2MnGe or B for Co). The out-of-plane (θ) and in-
plane directions (ϕ) also appear with the appropriate in-
dices. Tentatively, the total magnetic energy of the TMJ
consisting in two magnetic layers of thicknesses dA and
dB can be written as:
EB = dAEA + dBEB −
J1 (sin θMA sin θMB cos(ϕMA − ϕMB) + cos θMA cos θMB)
(3)
Above, J1 defines a bilinear exchange coupling between
the two films.
In an applied magnetic field H two uniform magnetic
modes result from the above expression of the energy:
their frequencies are obtained in the usual way by solv-
ing the equations of motion of the magnetizations [14]
around their equilibrium positions (these positions are
obtained by minimizing E). Indeed, in the absence of
coupling (J1 = 0), the two frequencies do not differ from
their values in each single layer (which are proportional
to the gyromagnetic factor γA and γB , for A and B, re-
spectively). Conversely, at a fixed frequency one expects
for two different resonant in-plane magnetic fields ap-
plied in any defined direction. In the following, as usual,
we introduce, with the appropriate suffixes A or B, the
effective Landé factors g
(
γ
2pi
)
= g e4pime = g × 13.996
GHz/T, where e is the absolute value of the electron
charge and me is its mass), the effective demagnetiz-
ing fields (µ0Meff = µ0M − 2K⊥M ), the uniaxial in-plane
anisotropy field µ0Hu = 2KuM and the fourfold in-plane
anisotropy field µ0K4 = 2K4M .
A. Static magnetic measurements
The coercive fields are strongly dependent function
of the anisotropy fields, of the magnetostatic interac-
tion and of the exchange interaction between the mag-
netic films. All these quantities depend on the chemical
4composition, on the morphology and on the crystalline
structure of the thin films. For all the studied samples
the hysteresis loops were obtained by VSM with an in-
plane magnetic field applied along various orientations
ϕH (where ϕH is the in-plane angle between the mag-
netic applied field H and one of the edges of the sub-
strate). Figure 7 shows representative behaviors of these
samples. The observed shape mainly depends on the
field orientation both for single layers and TMJ grown
on sapphire, in agreement with the presence of in-plane
anisotropy. In contrast, the hysteresis loops of TMJs
grown on Si and MgO do not depend on ϕH , suggesting
the absence of anisotropy (Fig. 7e and 7f). The magne-
tization loops along the easy axis are shown on figure 7a
for the two single layers and for the three TMJs. The
µ0HC values lie near 2.3 mT, except for the Co single
layer, which presents a higher µ0HC (4.8 mT). Figure 7b
illustrates the high in-plane anisotropy observed in the
Co single layer: along the hard axis ϕH = 90° the sat-
uration field for magnetization is 30 mT). The presence
of Co magnetic anisotropy in TMJ on sapphire substrate
and its disappearance in TMJs on Si and MgO substrates
suggest that this uniaxial anisotropy is most probably in-
duced by the interface with the sapphire substrate [15].
As confirmed below by FMR, the hysteresis loops of the
Co2MnGe single layer (Fig. 7c) reveal that its planar
anisotropy consists of the superposition of a fourfold con-
tribution, with easy axes parallel to the substrate edges,
and of a uniaxial term. The fourfold anisotropy is pre-
sumably of magnetocrystalline nature while we attribute
the uniaxial contribution at least partially originating
from a slight misorientation of the surface of the sub-
strate as discussed in details in [16, 17]. Finally, the
hysteresis loop of the TMJ grown on sapphire presents a
narrow plateau at small applied fields, suggesting that Co
and Co2MnGe layers (Fig. 7d) are uncoupled, and that
their coercive fields are very close from each other, which
implies a significant decrease of the Co anisotropy, com-
pared to the single Co layer. However, for TMJs on Si
and on MgO, the absence of anisotropy for the two mag-
netic layers explains the complete disappearance of any
double switching behaviour. The presence of anisotropy
in TMJ grown on sapphire is presumably related to their
best quality, as shown by the above microstructural char-
acterization.
In addition, variations of the reduced remanent magne-
tization (Mr/M), as function of ϕH , of the single layers
are also shown in view of comparison with other results
discussed in the next section.
B. Dynamic measurements
In a first step the magnetic parameters of the individ-
ual layers were derived with the help of the FMR study
of our single magnetic Co and Co2MnGe films. In these
films, only one resonance mode is observed, as expected.
Figures 8a and 8b illustrate the experimental in-plane an-
gular dependence of the frequency of the uniform mode
for Co and Co2MnGe layers respectively, compared to
our best fits using the model above described. The de-
rived values of the magnetic parameters corresponding
to these best fits are reported in Table I. Notice that a
uniaxial term well describes the in-plane anisotropy in
the Co sample while both uniaxial and fourfold in-plane
anisotropy terms are requested to give account for the
data concerning Co2MnGe. In addition, the derived in-
plane anisotropy characteristics are consistent with the
above mentioned angular variation of the reduced rema-
nent magnetization (Mr/M).
In the TMJs, two resonance modes should be present
in the FMR spectra. For sweep frequency measurements
using an in-plane applied magnetic field, such a twofold
behavior is only observed for the TMJ grown on sapphire
(Fig. 9a) while the TMJs grown on MgO or on Si show a
unique resonance line. The indices 1 and 2 are used to re-
fer to the lower and to the higher frequency mode present
with a sapphire substrate, respectively. In the case of
a MgO or of a Si substrate the resonance frequency lies
near of the value observed for the mode 2 in the TMJ de-
posited on sapphire. Sweep field measurements (Fig. 9b)
allow for the detection of the two modes whatever is the
substrate, maybe due to the best sensitivity. However,
compared to the case of sapphire, the intensity of mode
1 is significantly reduced with MgO or Si substrates. Let
us remember that it results from the STEM investiga-
tion that with Si or MgO, the Al2O3 interlayer contains
a high concentration of inter-diffused Co: the description
of the studied structure in terms of a junction between
two well separated homogeneous magnetic layers then be-
comes rather poor. On the other hand, it is probable that
the best quality of Co2MnGe layers is obtained using a
sapphire substrate.
The field dependences of the frequencies of the ob-
served modes for the three TMJs, compared to those
of the single layers, are shown on Figure 10. Assuming
that the exchange coupling does not induce very strong
perturbations among the two modes, one of them rep-
resents a Co-like uniform magnetic excitation and the
other one represents a Heusler-like uniform magnetic ex-
citation. Due to the field dependence of mode 2 it is as-
signed to consist in the Co-like uniform mode: a prelimi-
nary derivation neglecting any coupling leads an effective
g-factor of 2.17 and to a demagnetizing field ranging in
the (1.47-1.54) T interval, to compare the 2.17 and 1.55 T
values respectively found for the single Co layer. Indeed,
mode 1 is identified as the Heusler-like one: for the TMJ
grown on a sapphire substrate, the same approximation
leads to g = 2.02 and to a demagnetizing field of 0.95 T,
identical to the values found for the single Heusler layer.
However, in the case of MgO or of Si substrates the de-
magnetizing field is substantially reduced: the highly Co
concentrated interlayer seems to induce a perpendicular
anisotropy but the interpretation of the result is missing.
Concerning the in-plane anisotropy, it was derived for
mode 2 in the three available TMJs through the in-plane
5angular dependence of the FMR spectra: in the case of
an MgO or of a Si substrate it vanishes; with a sap-
phire substrate (Figure 8c) it consists into a rather small
uniaxial contribution (µ0Hu = 1.1 mT). Notice that the
single Co layer is affected by a high uniaxial contribu-
tion (30 mT, see Figure 8a): this put in evidence the
difference between the (crystalline sapphire)-Co and the
(amorphous alumina)-Co interfacial interaction. The in-
plane anisotropy relative to mode 1 could be only stud-
ied in the TMJ grown on a sapphire substrate (Fig. 8b):
it can be described as deriving from the superposition
of a four-fold symmetry term and of a uniaxial one, a
behaviour analogous to the observed one in the single
Heusler layer (Figure 8b).
Finally, it appears that the fit of our data cannot be
improved by taking in account the exchange interaction:
a large exchange would induce similar shifts for mode
1 and mode 2, in contrast with the observed results. In
view of the other variations of the parameters monitoring
the resonance the exchange is too small to be derived
from the FMR studies. However, this small exchange
can be detected from the analysis of the static magnetic
properties.
V. CONCLUSION
Co2MnGe(13nm)/Al2O3(3 nm)/Co(13nm) TMJs de-
posited on a-plane sapphire, MgO and Si substrates have
been prepared. For comparison, single films of Co2MnGe
and of Co with a thickness of 13 nm have been also
deposited on sapphire. Their nanoscale structure, com-
pared to their static and dynamic magnetic properties,
have been studied. The ultrahigh resolution transmis-
sion electron microscopy revealed differences between the
TMJs which have a direct impact on their magnetic char-
acteristics. The FMRmeasurements show the presence of
two modes deriving from the Co and from the Co2MnGe
layer which are only very weakly coupled. The magnetic
parameters of these modes depend on the quality of the
TMJ and more or less differ from those of the single lay-
ers.
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6Figure 1: Cross sectional STEM-HAADF micrographs of the
TMJ grown on (a) a-plane sapphire, (b) MgO(100) and (c)
Si(111) substrates. (d) Example of thickness measurements
for TMJ grown on Si.
Figure 2: (Colour online) Evolution of the elemental compo-
sition through the TMJ grown on a-plane sapphire, Si(111)
and MgO(100) substrates. These results are obtained thanks
to EDX line scans.
7Figure 3: (Colour online) Evolution of the elemental compo-
sition through the vanadium/Co2MnGe interface on the TMJ
grown on a-plane sapphire, Si(111) and MgO(100) substrates.
These results are obtained thanks to EDX line scans.
Figure 4: (Colour online) Evolution of the elemental composi-
tion through the Co2MnGe/Al2O3/Co interfaces on the TMJ
grown on a-plane sapphire, Si(111) and MgO(100) substrates.
These results are obtained thanks to EDX line scans.
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Figure 5: (Colour online) Cross sectional HRTEMmicrograph
of the TMJ grown on (a) MgO(100) and (b) Si(111) sub-
strates showing the epitaxial growth between the vanadium
layer and the substrate and between the vanadium layer and
the Co2MnGe layer, respectively. Figure 6: (a) to (e): nano-
beam diffractions in the TMJ grown on a MgO(100) substrate
Figure 6: (a) to (e): nano-beam diffractions in the TMJ grown
on a MgO(100) substrate: diffraction patterns arising from (a)
the substrate layer, (b) the vanadium layer, (c) the Co2MnGe
layer located close to the vanadium side, (d) the center of the
Co2MnGe layer, (e) the center of the Co layer. (f): nano-
beam diffraction pattern acquired at the center of the Co layer
of the TMJ grown on the a-plane sapphire.
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Figure 7: (Colour online) (a) Easy axis VSM magnetization
loops of the different studied samples and VSM hysteresis
loops for an applied magnetic field at various angles (ϕH)
with the substrate edges (b) Co single layer, (c) Co2MnGe
single layer, (d) TMJ grown on Sapphire, (e) TMJ grown on
Si and (f) TMJ grown on MgO.
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Figure 8: (Colour online) In-plane angular dependences of the
resonance frequency of modes 1 and 2 and reduced remanent
magnetization of the (a) Co, (b) Co2MnGe single layers and
(c) Co2MnGe(13nm)/Al2O3(3nm)/Co(13 nm) TMJ grown on
a-plane sapphire substrate. The full lines are obtained using
the model presented in the text with the parameters indicated
in Table I.
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Figure 9: (Colour online) (a) sweep fre-
quency and (b) sweep field MS-FMR spectra of
Co2MnGe(13nm)/Al2O3(3nm)/Co(13 nm) TMJs grown
on a-plane sapphire, Si(111) and MgO(100) substrates.
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Figure 10: (Colour online) Field dependence of the resonance
frequency of modes 1 and 2 in Co, Co2MnGe single layers and
in Co2MnGe(13nm)/Al2O3(3nm)/Co(13 nm) TMJs grown on
a-plane sapphire, on Si(111) and on MgO(100) substrates.
The magnetic field is applied in the film plane. The fits are
obtained considering uncoupled layers using the model pre-
sented in the text with the parameters indicated in Table I.
